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Medical radiation from X-rays and nuclear medicine is the largest man-made source of radiation exposure in Western countries, and accounts for a mean effective dose (ED) of 3.0 milliSievert (mSv) per person per year, equivalent to a radiation dose of 150 chest X-rays. In the USA, cardiologists are responsible for about 40% of the entire cumulative ED to the population from all sources, excluding radiotherapy. 1 In pediatric patients with congenital heart disease (CHD), the annual ED is relatively low (< 3 mSv/year), but this extra yearly exposure accrues over the lifetime and can reach high values (> 100 mSv) in selected cohorts of pediatric chronic patients, 2 especially those undergoing interventional fluoroscopy procedures and serial CT evaluations. 3 The benefits of ionizing imaging in children, especially in those with CHD, are immense and often life-saving, even more so with the advent of invasive fluoroscopy and CT. Yet the use of radiation in children raises special concerns, and offers a unique challenge for the current generation of pediatric cardiologists.
The challenge of radiation damage in children
For any given radiological ED, younger pediatric patients receive higher radiation doses than older children, and overall, pediatric patients receive higher radiation doses than adult patients.
Thus, the risk is three to four times higher in children than in adults. 4 Children are at a substantially higher risk than adults because they have more rapidly dividing cells and greater life expectancy, allowing the clinical manifestation of radiation-induced cancers with decadeslong latency periods, 5 although this is more often true for some organs, such as the brain, and less for others, such as the lungs. 6, 7 At the age of 15-20 years, grown-up CHD patients have already accumulated an ED corresponding to 20-40 mSv, with an estimated lifetime attributable extra-risk of cancer of 1 in 10 to 1 in 100, with a detectable twofold increase compared to controls in chromosome aberrations, 8 which are intermediate end-points and long-term predictors often life-saving, even more so with the advent of invasive fluoroscopy and CT. Ye Ye Yet t t th th he e us us use e e of of adiation in children raises special concerns, and offers a unique challenge for the current ge gene ne nera ra ati ti tion on n o o of f f pe edi di dia at atric cardiologists.
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of cancer and appear soon after cardiac catheterization. Even in top-level pediatric cardiology centers, most interventional cardiologists and radiologists grossly underestimate the radiation doses for most commonly requested tests, and almost 50% of them ignore or deny that X-rays are a proven carcinogen.
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The opportunity for better radiation protection in pediatric cardiology
As far as radiation damage is concerned, we should make every effort to bring the pediatric cardiology community from an evidence-poor to an evidence-rich milieu. Further data are needed, especially in the low-dose range (< 100 mSv). BEIR VII listed among top-research needs future medical imaging studies, including "studies of infants who experience diagnostic exposures related to cardiac cath". 5 Similar studies have been performed on Australian or
British cohorts of 120,000 13 and 680,000 14 children undergoing CT studies, and showed that a CT head scan increases the subsequent risk of brain cancer by 20%. 13 A similar effort should be made by the pediatric cardiology community, and at least one nationwide study is currently underway to assess the long-term risk of cancer in children with CHD. 15 Pediatric cohorts are has not been matched by increasing awareness and knowledge by prescribers and nd d p pra r r ct ct ctit it i io io ione ne ners rs.
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The governance of radiological responsibility: the 4 A's approach
Today, it is possible for a child with heart disease to be admitted to a tertiary care referral center and be cared for by a cardiologist, invasive cardiologist or cardiac radiologist who is unaware of the dose (s)he administers to the patient. The child can be given a dose that is tenfold higher than the reference dose and this dose is not reported anywhere in paper or digital records. The dose is not mentioned anywhere in the informed consent, although the risks can be as high as 1 in 100
per test. Even worse, the patient can be admitted to an institution run with public money where all imagers are encouraged to do more exams, especially with more costly techniques such as CT or invasive cardiology. In this cultural and economic milieu, "pay per volume" is the rule and implementing appropriateness and optimization in your laboratory can be dangerous for your professional survival. 16 This praxis can no longer be accepted, and we need to have more efficient tools than "moral suasion" to force cardiologists to comply with high safety standards.
In practice, this is best obtained through a systematic implementation of the 3A's strategy Accountability. The radioprotection aspect is vital for the health of our children and should be per test. Even worse, the patient can be admitted to an institution run with public c mo mo on ne ey y y wh wh wher er e e e all imagers are encouraged to do more exams, especially with more costly techniques such as CT or r i i inv nv nva as asiv iv ive e e ca ca ard dio io iol lo logy. In this cultural and econo no omi m mic milieu, "pay y y per r v v vo ol olume" is the rule and m mp pl plementing g a ap p ppr ro ropr pr ria a ate te tene n ness ss ss a and nd d o o opt ptim im miza at tio o on in n n y you u ur r la lab b bor ra rato to ory y y c can an b be e da da dan ng nger ero ou ous s s fo fo for y yo you u ur pr prof of ofes es essi si s on onal al al s sur urv v viv va val. l. 16 T T Thi h s pr pr p ax ax axis is is c can an n n n no o o lo lo long ng nger er b be e a ac acce ce cep p pt te ted, d, d, a and nd nd w w we e ne e eed ed d t t to o ha have ve ve m mo o ore e e efficient tool ls s s th th than an n "mo mo mora r r l l su su suas as a io io ion" n n t t to fo fo forc rc rce e e ca ca car r rdi di diol ol o og og ogis s sts ts ts t t to o o co co omp mp m ly ly y w w wit it ith h h hi hi high gh h s s saf af afet et ety y y standards. 17 The radiation issue is no longer a hidden variable ignored by doctors and patients, but a key factor in determining the rating of our pediatric cardiology division, the risk-benefit assessment of competing diagnostic and therapeutic options, the direction of future research, and the commercial success of new radiation-sparing technologies.
Take-home message
The interesting data of Johnson et al. 2 further reinforce the clinical message of the recent ESC position paper on medical radiation, which holds true even more for pediatric cardiologists: "X- 
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actions through technological improvements, dose recording and dose management through Dose Reference Levels, and dedicated radiation protection training with certification (also for cardiologists). 18 Pediatric cardiology should ideally be the first and most important stage to deploy in the field of this global approach to radiation protection.
In few fields of medicine can you obtain so much (in terms of improved quality of care of our patients) with so little (simply through increased knowledge of radioprotection essentials).
You add awareness to the health care system, and you obtain safety. You inject responsibility and you gain primary prevention of cancer. It is time to abandon old, time-honored practices of radiological unawareness and enter a new era of radiological responsibility, full of opportunities for patients, doctors, and scientists ( Table 1) . CT and invasive fluoroscopy in children are essential tools for pediatric cardiologists -but they must be used prudently and optimally. follow-up". 19 Half a century later, we have to more or less repeat his own words. Only after that game-changing reshaping of our cardio-radiological practice will pediatric cardiologists be entitled to repeat the words of JFK: "We can say with some assurance that, although children may be the victims of fate, they will not be the victims of our neglect".
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